Chapter 6


6.1 Introduction
MASP2 was, as its name implies, the second MBL-associated protease discovered. Despite this it is the most extensively studied MASP protease, since it was identified as being responsible for the activation of complement through cleavage of C4 and C2 (Thiel et al., 1997). In plasma MASP2 is found as a single chain zymogen, in complex with MBL and the ficolins (Matsushita et al., 2000; Matsushita et al., 2002; Thiel et al., 1997). When these proteins bind to the surface of a pathogen, this induces conformational changes leading to a single cleavage of the zymogen by increased autocatalysis (Chen and Wallis, 2004; Dong et al., 2007). The activation yields an activated protease composed of a heavy and a light chain held together by a disulphide bridge. The active MASP2 can then generate the C3 convertase complex on the surface upon which MBL or the ficolins are bound (Moller-Kristensen et al., 2003b; Thiel et al., 1997; Wallis et al., 2007). 
MASP2 is a very important protease in the innate immune system, since it functions as the sole activator of complement through the lectin pathway. For functionality tests of the lectin pathway activity the most commonly used method is a C4 deposition assay, in which the ability of mannan-bound MBL/MASP complexes to catalyze deposition of C4b on the surface is quantified (Thiel et al., 2002). This method has been widely used to quantify the lectin pathway activity, but not until recently has an individual been discovered that was MBL sufficient but had little lectin pathway activity. This was observed for a Caucasian male who since the age of 15 had been suffering from recurring infections (Stengaard-Pedersen et al., 2003) and when the total amount of MASP2 was quantified the individual had a below average MASP2 level (75 ng/ml compared to 534 ng/ml for normal individuals) (Moller-Kristensen et al., 2003a; Sorensen et al., 2005). After genotyping the MASP2 gene it was discovered that he was homozygous for a point mutation in the CUB1 domain (see figure 6.2A) whereby an aspartate residue was substituted with a glycine (D120G). Since recombinant MASP2 with the (D120G) mutation is unable to form complexes with either MBL or the ficolins, the low serum concentration of MASP2 was ascribed to a decreased half-life of unassociated MASP2 (Sorensen et al., 2005; Stengaard-Pedersen et al., 2003). 
The coagulation system (for schematic overview see figure 6.1) is another protein cascade, which has many traits in common with the complement system, but its main role is to maintain the integrity of the circulatory system upon injury. The activation of the coagulation system happens through two pathways, the intrinsic and the extrinsic, but they merge at the formation of the prothrombinase complex leading to thrombin generation. The prothrombinase complex is composed of the activated coagulation factors factor V (factor Va) and factor X (factor Xa), which are generated upon tissue damage (Downing et al., 1975; Kirchhofer and Nemerson, 1996). For the assembly of the prothrombinase complex two other factors are required: Ca2+ ions, which under physiological conditions are not a limiting factor, while the last constituent, phospholipids is only exposed upon tissue damage (Esmon et al., 1974; Rosing et al., 1980). This and the localized generation of factor Va and factor Xa prevents thrombin activation unless the integrity of the circulatory system is threatened. The thrombin activation happens when prothrombin (the thrombin zymogen) is activated by a double cleavage of prothrombin by factor Xa within the prothrombinase complex (Downing et al., 1975; Esmon and Jackson, 1974). Contrary to the prothrombinase complex thrombin is not bound to the site of tissue damage, but due to the inhibition by especially ATIII but also α2M, the generated thrombin has a short half-life and is mainly active at the site of injury (Mitchell et al., 1991; Schoen and Lindhout, 1991). The generation of thrombin is regarded as the critical step in the coagulation cascade, since thrombin mediates the proteolytic events that lead to the formation of blood clots by cleavage of fibrinogen, factor XIII and the activation of platelets (Huntington, 2005). 
Both the complement and the coagulation systems have many traits in common, and they are believed to have originated from the same ancestral protein cascade (Krem et al., 2000). Here I will be showing evidence of MASP2 being able, like factor Xa, to activate prothrombin and initiate low–level clotting. I will also show preliminary data from the development and use of a novel MASP2 activity assay in which prothrombin activation by MASP2 is used to quantify the MBL/MASP2 activity.

6.2 Materials and Methods
6.2.1 rMASP2 constructs
All the truncated rMASP2 constructs were kindly supplied by Dr. Péter Gál and are described in Ambrus et al., (2003). Most of the work was carried out with the CCP1CCP2SP construct (trMASP2) but the CCP2SP and SP constructs were also used. The three rMASP2 constructs (2 μg) were analyzed reduced and non-reduced on  SDS-PAGE to demonstrate the differences between the constructs at the protein level.

6.2.2 Prothrombin cleavage by factor Xa and trMASP2
Prothrombin 3.3 μg (HTI) was incubated with 30 ng factor Xa (HTI) or truncated trMASP2 in 20 mM HEPES, 140 mM NaCl, 5 mM CaCl2, 0.05% (v/v) Tween20,   pH 7.4 (activation buffer) for 4 hours at 37οC in a total reaction volume of 30 μl. The samples were analyzed by reducing SDS-PAGE.

6.2.3 Effect of factor Xa and trMASP2 on VPR-AMC substrate turnover by prothrombin
To Microfluor® white 96-well microtiter plate wells (Thermo Labsystems, Franklin, MA) 200 μl of 1 mg/ml BSA in 1.5 mM KH2PO4, 8.1 mM Na2HPO4, 140 mM NaCl, 2.7 mM KCl, pH 7.4 (PBS) was added to each well and incubated for 1 hour at room temperature. This was done to prevent subsequent absorption of the proteins used for the experiments. The wells were emptied and washed three times with activation buffer. A plate treated like this will be referred to as a blocked microtiter plate. Subsequently 100 μg/ml of prothrombin and 250 ng/ml or 1 μg/ml of factor Xa or trMASP2, respectively, in a total volume of 100 μl of activation buffer, was added to the wells. Controls were included where prothrombin and each of the two proteases were incubated alone. The thrombin activity was quantified as described in section 2.11.
6.2.4 Ionic strength effect on trMASP2 and thrombin activity
To blocked microtiter plate wells was added 100 μl 20 mM HEPES, 5 mM CaCl2,   pH 7.4 with the following concentrations of NaCl: 1 M, 0.5 M, 0.25 M, 0.125 M, 0.063 M, 0.031 M and 0.016 M. These samples were mixed 1:1 (v/v) with buffer at the same salt strength as already in the well and containing either 100 μM VPR-AMC, 200 μg/ml prothrombin and 1 μg/ml trMASP2 or 100 μM VPR-AMC and 8 ng/ml thrombin. The substrate turnover was quantified as described in section 2.11.

6.2.5 Stability of trMASP2
trMASP2 (2 μg/ml) in 100 μl activation buffer was incubated at 37oC for 0, 1, 2, 4 and 8 hours and then mixed 1:1 (v/v) with of 200 μM Phe-Gly-Arg-AMC (FGR-AMC) (American Diagnostica Inc., Stamford, CT) in activation buffer to yield a final concentration of 1 μg/ml trMASP2, and 100 μM FGR-AMC. Of the reaction mixture 100 μl was added to blocked microtiter plate wells and the substrate turnover was quantified as described in section 2.11 but for 2 hours instead of 1.

6.2.6 CCP domain involvement in recognition of prothrombin

In blocked microtiter wells the following samples were mixed with 100 μl of 100 μM VPR-AMC plus 100 μg/ml prothrombin in activation buffer with: 1.3 μg/ml SP domain construct or 1.6 μg/ml CCP2SP construct or 2 μg/ml CCP1CCP2SP. Samples without prothrombin were also incubated with the 100 μM VPR-AMC. The amount of VPR-AMC turnover was measured as described in section 2.11. Since the different constructs have different molecular masses the amounts of each the enzymes was calculated to get identical concentrations of the constructs (approximately 0.045 pM). 
6.2.7 Fibrinogen activation by rMBL and rMASP2K complexes
Rat rMBL-A (Chen and Wallis, 2001) and full-length rat rMASP2K (Chen and Wallis, 2004) were both expressed in the CHO cell line DXB11 using the pED4 vector (Kaufman et al., 1991) and provided by Dr. Russell Wallis. The rMASP2K has the arginine at the zymogen cleavage site replaced by a lysine residue. This yields catalytically active rMASP2 that is secreted as a zymogen and only auto-activates in complex with MBL or ficolins upon binding to a suitable surface (Chen and Wallis, 2004; Girija et al., 2007).

A 96-well Maxisorp microtiter plate was coated with 100 μg/ml mannan          (Sigma-Aldrich) in 100 μl of 0.1 M NaHCO3, pH 9.6 overnight at 4oC. From here on the volume added to each well was 100 μl unless otherwise stated. Residual binding sites were blocked with 200 μl of 1 mg/ml BSA in PBS for 1 hour at room temperature. The wells were washed three times with 200 μl activation buffer. Rat rMBL (0.12 μg) was preincubated in 100 μl activation buffer with or without 0.12 μg rat rMASP2K for 1 hour at 4oC. At the end of the incubation, EDTA, pH 7.4 (final concentration 10 mM) was added to some samples to provide negative controls. Preincubated samples were then transferred to the mannan-coated wells, and left overnight at 4oC to allow MBL to bind to the mannan. The wells were washed with activation buffer. Prothrombin 100 μg/ml + fibrinogen 30 μg/ml or 100 μg/ml prothrombin + 100 μM VPR-AMC in activation buffer was added to each well. The wells with the fibrinogen were incubated for 4 hours at 37oC and analyzed by SDS-PAGE to observe fibrinogen cleavage and polymerization. The wells with VPR-AMC were incubated and the substrate turnover measured as described in section 2.11 but for 4 hours instead of 1.
6.2.8 Incubation of prothrombin with other proteases

Prothrombin (2 μg) in a total volume of 30 μl activation buffer was incubated for 4 hours at 37oC alone or in the presence of 60 ng activated C1s, a mixture of activated C1s+C1r or 30 ng factor Xa. The C1s and C1r, C1s mixtures were purified as described by Sim (1981). 
6.2.9 Radioiodination of fibrinogen

125I-fibrinogen was prepared as described in section 2.4 and the specific activity of the 125I-fibrinogen preparation was 5.7x106 disintegrations per minute/μg fibrinogen. The radioiodinated fibrinogen was diluted with unlabelled fibrinogen to achieve appropriate total fibrinogen concentration and specific activity.
6.2.10 Fibrinogen deposition on mannan/ fibrinogen-coated wells
Microtiter wells were coated with a mixture, in 100 μl, of 5 μg/ml fibrinogen plus      5 μg/ml mannan in 0.1 M NaHCO3, pH 9.6 overnight at 4oC. The wells were blocked with 200 μl 1 mg/ml BSA in PBS for 1 hour at room temperature and subsequently washed three times with 200 μl activation buffer. Preformed rMBL/rMASP2K complexes (0.2 μg) were bound to the wells in 100 μl activation buffer and incubated overnight at 4oC. Controls with 10 mM EDTA, or with no rMASP2K, were included. Wells were washed as before and 100 μl activation buffer with 100 μg/ml prothrombin and 300 μg/ml 125I-fibrinogen (30000 counts per minute (cpm) added and incubated at 37oC for 4 hours. An additional control without prothrombin was included. After the incubation wells were washed as before and the bound 125I-fibrin was quantified by measuring the whole well in a mini-assay type 6-20 gamma counter (Mini-instruments Ltd, Burnham-on-Crouch, UK). 

6.2.11 Fibrinogen deposition on S. aureus derivatized beads

Dynabeads® M-270 Amine (Invitrogen) derivatized with formalin-fixed whole S. aureus were prepared as follows. The S. aureus Wood strain (kindly provided by Dr. Uffe B. S. Sorensen, Department of Medical Microbiology and Immunology, University of Aarhus, DK) was grown and formalin fixed as described by Krarup et al., (2005). Beads and bacteria (approximately 1x109 and 1x1010, respectively), were washed separately into 0.1 M sodium citrate, 140 mM NaCl, pH 9.5 in a total volume of 250 μl. The beads and the bacteria were mixed 1:1 (v/v) and sodium cyanoborohydride (Sigma-Aldrich) was added to a final concentration of 50 mM and incubated with stirring for 2 hours at room temperature. Residual active groups on the beads were blocked by 0.1 M ethanolamine, pH 8.4 for 1 hour. After blocking the beads were washed and stored in activation buffer. rMBL/rMASP2K complexes were prepared as described in section 6.2.7. S. aureus derivatized beads (2.5x107) were mixed and incubated overnight at 4oC with 0.72 μg preformed rMBL/rMASP2K complexes in a total volume of 0.3 ml of activation buffer on a slow rotary stirrer. The beads were washed three times with 1 ml of activation buffer. The beads were resuspended in 0.5 ml activation buffer containing 50 μg prothrombin and 125I-fibrinogen (15 μg, 300000 cpm) and incubated at 37 oC for 7 hours on a slow rotary stirrer. Controls with 1 mM Pefabloc SC, 1 μg/ml human C1 inhibitor (prepared as described in Pilatte et al., (1989) and Sim and Reboul (1981)) or 1 mM IAM were also prepared. After incubation the beads were washed as before and transferred to new tubes. The radioactivity associated with the beads was measured in a mini-assay type 6-20 gamma counter. The beads were resuspended and incubated in 6 M urea (500 μl) for 30 minutes at room temperature with stirring and after an additional wash and transfer to new tubes, the radioactivity associated with the beads was measured as before.
6.2.12 MASP2 assay

The remaining part of this chapter is about the development of a novel functional assay for quantifying MASP2 activity with an emphasis on MASP2 associated with MBL. The experiments have the following things in common. The mannan-coated plates that were used throughout the experiments were prepared the following way. 96-well Maxisorp microtitre plate wells were coated with 100 μl of 100 μg/ml mannan in  0.1 M NaHCO3, pH 9.6 overnight at 4oC. Following the incubation the wells were blocked with 200 μl of 1 mg/ml BSA in PBS and incubated for 1 hour at room temperature. The wells were washed three times with 200 μl PBS and stored at 4oC until use. Before use the wells were washed three times with activation buffer. Microtiter plates coated as described will be referred to as mannan-coated plates. The volume added to a well is unless otherwise stated 100 µl and washing of the wells was always done three times using 200 μl activation buffer.
6.2.13 MASP2 assay development 

6.2.13.1 MASP2 assay with rMBL and rMASP2K
rMBL (2 μg/ml) and rMASP2K (2 μg/ml) were mixed and pre-incubated in activation buffer for 1 hour on ice to allow for rMBL/rMASP2K complex formation. To the wells of a mannan-coated microtiter plate a 3-fold or 2-fold dilution series of preformed rMBL/rMASP2K complexes was added and incubated overnight at 4oC followed by a wash. The wells that had been incubated with the 2-fold dilution series of rMBL/rMASP2K complexes were incubated with 100 μg/ml prothrombin and        1 mg/ml fibrinogen in activation buffer for 5.5 hours at 37oC and the light scatter at OD405 was used as a measure of fibrin polymerization as described by Bajzar et al., (1990) and Jungi (1990). The observed polymerization was compared to a well with    1 mg/ml fibrinogen and 20 U/ml thrombin. The wells that were incubated with the       3-fold dilution series were incubated for 4 hours at 37oC with 100 μg/ml prothrombin in activation buffer. From each of the wells 80 μl was transferred to a blocked microtiter plate and 20 μl 500 μM VPR-AMC was added for a final concentration of 100 μM. The substrate turnover was measured as described in section 2.11.
6.2.13.2 Prothrombin activation by MBL/MASP2 complexes from serum
To mannan-coated microtiter plate wells was added a 2-fold dilution series of serum in activation buffer at a starting dilution of 1/2 followed by incubation overnight at 4oC. The wells were subsequently washed and incubated with 100 μg/ml prothrombin in activation buffer for 4 hours at 37oC. After incubation the reaction mixture and VPR-AMC was mixed and the thrombin activity was measured as described in section 6.2.13.1. 

6.2.13.3 Effect of ionic strength on residual thrombin activity

Assays of prothrombin activation with MBL-bound MASP2 appeared to indicate a low degree of non-MASP2 dependent thrombin activity. Salt strength during MBL/MASP2 binding was varied to see if this could be eliminated. Mannan-coated microtiter plate wells were incubated with activation buffer alone or with serum diluted 1/4  with activation buffer or 20 mM HEPES, 140 mM NaCl, 10 mM EDTA, pH 7.4 or 20 mM HEPES, 1.29 M NaCl, 5 mM CaCl2 , pH 7.4 and incubated overnight at 4oC. After incubation the wells were washed and incubated with          100 μg/ml prothrombin in activation buffer or with activation buffer alone for 4 hours at 37oC. The generated thrombin activity was measured as described in section 6.2.13.1.

6.2.13.4 Effect of prothrombin concentration on thrombin activity generated
Mannan-coated microtiter plate wells were incubated overnight at 4oC with serum diluted 1/4  in activation buffer or in 20 mM HEPES, 140 mM NaCl, 10 mM EDTA, pH 7.4. After incubation the wells were washed and 100 µl of 400, 200, 100 and 0 μg/ml prothrombin in activation buffer was added and incubated for 4 hours at 37oC. The thrombin activity generated was measured as described in section 6.2.13.1.

6.2.14 MASP2 activity in mouse serum compared to MASP2 knock-out mouse serum

Mannan-coated microtiter plate wells and wells coated with N-acetyl BSA (prepared as described in section 2.9) were incubated overnight at 4oC with activation buffer alone, MASP2 knock-out mouse serum or wild-type mouse serum diluted 1/4  in activation buffer. The knock-out and wild-type serum were kindly provided by Professor Wilhelm Schwaeble (Department of Infection, Immunity and Inflammation, University of Leicester, Leicester, UK). After incubation the wells were washed with activation buffer and 100 μg/ml prothrombin in activation buffer was added to each well and incubated for 4 hours at 37oC. The thrombin activity generated was quantified as described in the section on thrombin activity in 6.2.13.1. 
6.2.15 MBL/MASP2 activity in serum from individuals homozygous or heterozygous for the MASP2 D120G mutation 

Serum from one individual homozygous for, and one heterozygous for the D120G mutation in the CUB1 domain of MASP2 (Stengaard-Pedersen et al., 2003) were analyzed for ionic-strength dependent binding of MASP2 to MBL. These sera were kindly provided by Professor Wilhelm Schwaeble. Serum from the homozygous and the heterozygous individuals as well as normal serum was diluted 1/4 buffer with 20 mM HEPES, 5 mM CaCl2, pH 7.4 as well as NaCl to yield the following final concentrations: 1 M, 0.5 M, 0.25 M, 0.125 and 0.0625 M. The diluted serum was added to mannan-coated microtiter plate wells and incubated overnight at 4oC. After incubation the wells were washed with activation buffer and subsequently 100 μl of activation buffer with 100 μg/ml prothrombin was added to the wells and incubated for 4 hours at 37oC. The amount of thrombin activity was quantified as described in section 6.2.13.1. 
6.2.16 MBL/MASP2 activity in 8 serum samples from healthy individuals

Eight serum samples from healthy volunteers were assayed for their MBL/MASP2 activity. The serum samples were diluted 1/4 in activation buffer and incubated in mannan-coated wells overnight at 4oC. The wells were washed and incubated with prothrombin and the MBL/MASP2 activity was assessed as described in section 6.2.13.1. Additionally the serum concentrations of MBL and MASP2 were quantified by antibody based assays (Moller-Kristensen et al., 2003a; Thiel et al., 2002), and the MBL/MASP2 activity based on the C4b deposition assay was also quantified (Thiel et al., 2002). These measurements were performed by the laboratory of Professor Jens C. Jensenius. The correlation between the variables was estimated by linear regression using the program Sigma Plot v. 8.02. The better the two variables correlate the closer the R2-value would be to 1.
6.3 Results  
The recombinant MASP2 used in this chapter is mainly either full-length rat rMASP2 (MASP2K) (Chen and Wallis, 2004) or an activated truncated human rMASP construct composed of the CCP1CCP2SP domains (trMASP2) (Ambrus et al., 2003). Two other constructs were used to a limited extent and these two were truncated versions of the trMASP2, of which one was composed of the CCP2SP domains while the other only the SP-domain (Ambrus et al., 2003). In figure 6.2A schematic representations of the full-length MASP2 as well as the three different truncated constructs is shown. In figure 6.2B analysis of the rMASP2 constructs on SDS-PAGE, reduced and non-reduced, is shown. Under non-reducing conditions the three constructs CCP1CCP2SP, CCP2SP and SP were observed to migrate at 43, 33 and     28 kDa, respectively. Reduced, the serine protease domain which is present in all three constructs migrates as a 28 kDa protein while the CCP2 and the CCP1CCP2 domains migrate as 9 and 20 kDa bands, respectively. In the CCP2SP construct another faint band can be observed at 25 kDa and 16 kDa non-reduced and reduced, respectively, but this is probably a degradation product of the SP-domain since it is cross-linked to the CCP2 domain. 

My predecessor Dr. J. S. Presanis observed that trMASP2 was capable of cleaving prothrombin in a similar manner to factor Xa, and generating thrombin activity (Presanis, 2004). When prothrombin activation by factor Xa is analyzed by reducing SDS-PAGE a complex fragmentation pattern is observed, since both factor Xa and the generated thrombin can each cleave prothrombin twice (Downing et al., 1975; Owen et al., 1974). A schematic overview of the possible prothrombin fragments generated by factor Xa and thrombin is shown in figure 6.3A. To characterize the apparent activation potential of prothrombin by trMASP2, SDS-PAGE analysis of the fragmentation of prothrombin when incubated with factor Xa or trMASP2 is shown in figure 6.3B. Identification of the bands was carried out by N-terminal sequencing and by the observed molecular masses determined by their migration in SDS-PAGE gels to the calculated masses based on the primary sequence and N-linked glycosylations. The identity of the different bands, their N-termini and the number of N-linked glycosylations is shown in figure 6.3C. Based on this it can be concluded that factor Xa and trMASP2 generate the same cleavage fragments although in different quantities. Fragment 1.2 and prethrombin 2 is seen in both gel tracks, indicating that factor Xa and trMASP2 cleave at the fXa1 site (Arg273-Thr274). The second factor Xa cleavage (fXa2, Arg322-Ile323) is not visible with either factor Xa or trMASP2 (figure 6.3B) perhaps because the heavy chain co-runs with fragment 1.2, and the light chain is too small to be observed on the gel. However the fXa2 cleavage, which generates active thrombin, must occur with both factor Xa and trMASP2, as products of both the thrombin-mediated cleavages *1 and *2 are seen in figure 6.3B. These products are (*1) prethrombin 1 (fragment 1 has migrated off the gel) and (*2) the 31.5 and        33.8 kDa fragments. All the larger fragments could be detected when prothrombin was incubated with both factor Xa and trMASP2 except for the 33.8 kDa fragment, which most likely is due to lack of sensitivity of our detection system rather than it not being generated. Activation of prothrombin is a very rare proteolytic specificity and apart from tryptase, the BRENDA enzyme database           (http://www.brenda.uni-koeln.de/) records no other known mammalian protease that does this. To investigate if this was a feature of the MASPs, rMASP1 was also incubated with prothrombin but it was unable to generate thrombin activity (not shown). 

To investigate to what extent active thrombin is generated after prothrombin cleavage, prothrombin was incubated with factor Xa and trMASP2. The thrombin generated was then measured using a tripeptide substrate VPR-AMC, which is selective for thrombin (Morita et al., 1977) and neither trMASP2 nor factor Xa has any significant activity towards this substrate (Morita et al., 1977; Presanis, 2004). The results are displayed in figure 6.4. Factor Xa alone, trMASP2 alone or prothrombin alone turn over the substrate to a negligible extent. However when factor Xa or trMASP2 are incubated with prothrombin, there is increased substrate turnover, indicating generation of thrombin. In the experiment shown in figure 6.4 the prothrombin concentration was 100 μg/ml (approximately physiological). trMASP2 (100 ng) generates at each point about 20% as much thrombin activity as 25 ng factor Xa. Therefore, we assume that 25 ng trMASP2 would generate only 4-5% as much thrombin as 25 ng factor Xa. The curves are non-linear, as more thrombin is being generated with time, this leads to the upward curvature. At later times substrate depletion and the instability of all 3 proteases leads to lower rates of substrate turnover. The observed reaction measures only production of active thrombin by 2 cleavages of prothrombin by factor Xa or trMASP2. However there is a competing reaction, thrombin cleavage of prothrombin at Arg155-Ser156 and Arg286-Thr287 of which the latter produces a prothrombin fragment that cannot be activated. This is not measured directly but contributes to prothrombin depletion. Prothrombin and       VPR-AMC also compete for cleavage by thrombin. 

To further characterize the trMASP2 interaction I wanted to evaluate the prothrombin activating potential of trMASP2 at different ionic strengths. Therefore trMASP2 and prothrombin were incubated at different ionic strengths ranging from 16 mM to 1 M NaCl. The cleavage of VPR-AMC by thrombin was tested over the same ionic strength range. As shown in figure 6.5, VPR-AMC cleavage by thrombin increases by about 25% (from 16 mM to 1 M NaCl), so the reaction is relatively insensitive to high ionic strength. In contrast, generation of thrombin from prothrombin is inhibited by 40-50% at more than 0.5 M NaCl, and the reaction proceeds fastest at the lowest NaCl concentration tested. This shows that trMASP2 is fairly sensitive to the ionic strength of its surroundings and it indicates that the recognition of prothrombin requires interactions between charged residues. In a similar experiment using the trMASP2 construct with C4 instead of prothrombin carried out by Presanis, (2004) it was found that at 400 mM NaCl no cleavage of C4 could be detected. This along with the above mentioned experiment demonstrates that trMASP2 is sensitive to high ionic strength. 
Another aspect of trMASP2 is its stability during the prolonged incubations that are needed to measure thrombin generation. Therefore trMASP2 was incubated for 1, 2, 4 and 8 hours at 37oC, and the ability to activate prothrombin at the different time points relative to a sample incubated for 0 hours was calculated. The results are shown in figure 6.6. As can be observed the incubation of trMASP2 gradually decreases the activity of trMASP2 and only 70% activity remains after 8 hours of incubation. Thus prolonged incubation of trMASP2 i.e. more than 4 hours should be avoided if possible.    

When the importance of the CCP domains of MASP2 was investigated in regard to the cleavage rate of C4 it was found that the CCP2SP construct had a 40-fold higher kcat/kM than the SP-domain alone and 10-fold higher than the CCP1CCP2SP construct (Ambrus et al., 2003). This indicates that the CCP2 domain is involved in the substrate recognition of C4. When the same experiment was done with another MASP2 substrate C2, the SP domain construct was the most efficient having an approximately a 2-fold and 5-fold higher kcat/kM than the CCP2SP and CCP1CCP2SP constructs, respectively (Ambrus et al., 2003). Due to this I wanted to investigate if the CCP domains were involved in the recognition of prothrombin as with C4 or C2.   
To investigate this prothrombin was incubated with the three rMASP2 constructs at equal molarities (based on total protein concentration) to enable a direct comparison of their ability to activate prothrombin. The results can be seen in figure 6.7 as the closed bars. The constructs alone and prothrombin alone has a low turn-over of the substrate. When the MASP2 constructs are incubated with prothrombin the CCP2SP construct produces the highest thrombin activity while the CCP1CCP2SP and the SP-domain constructs have lower but similar prothrombin activation potential (figure 6.7, closed bars). As mentioned earlier the rMASP2 constructs alone have a limited catalytic activity towards the substrate, but a difference in substrate turn-over can be observed. This is probably because the three constructs had not been produced at the same time and most likely do not have identical stability upon storage. Therefore the amount of active protease in each preparation is most likely different. To take this into account the relative activity was estimated based on the substrate turn-over by the constructs alone. The relative prothrombin activation potential of each of the constructs is shown in figure 6.7 as the open bars. When their relative activity is taken into account the CCP domains do not appear to be involved in the substrate recognition but rather decrease the activity of the protease domain, as observed with C2. 
The results previously presented in this chapter have been obtained using mainly truncated versions of the MASP2 enzyme produced in E.coli, which lack the CUB1EGFCUB2 domains that interact with MBL. I therefore wanted to investigate if full-length MASP2 in complex with MBL also is capable of activating prothrombin when bound to a surface. To do this rat rMBL-A (Chen and Wallis, 2001) and rat rMASP2K (Chen and Wallis, 2004) was used with mannan as an activating surface. On mannan-coated microtitre plate wells rMBL/rMASP2K complexes were bound and incubated with prothrombin and VPR-AMC or prothrombin and fibrinogen. The results from these experiments can be seen in figure 6.8A and 6.8B, respectively. Figure 6.8A shows that only rMBL/rMASP2K complexes bound in the presence of Ca2+ ions and incubated with prothrombin generate active thrombin. All of the negative controls, i.e. rMBL/rMASP2K incubated with mannan in the presence of EDTA (where the complexes will not form and rMASP2K is not activated), the controls with no rMASP2K or with no prothrombin show no ability to cleave the substrate above background level (figure 6.8A columns 2, 3 and 4). 
Figure 6.8B shows SDS-PAGE analysis of fibrinogen cleavage following incubation in the mannan-coated wells with rMBL/rMASP2K. Fibrinogen is a hexamer composed of 2 α-, 2 β- and 2 γ-chains. Upon activation by thrombin the α- and          β-chains are cleaved and the fibrinopeptides A and B are released. At the same time thrombin cleaves factor XIII generating factor XIIIa which is a transglutaminase capable of stabilizing fibrin clots by covalent linking of two γ-chains or multiple       α-chains forming the γ2 and the αn oligomer (Bereczky et al., 2003). It was not necessary to add any factor XIII to the experiments since it is found in nearly all commercial fibrinogen preparations as a contaminant and its transglutaminase activity, i.e. the generation of the γ2 and multiple αn oligomer, was used as a marker for early stage clot formation. Cleavage of the α- and β-chains and formation of γ2 and αn clearly occurs in lane 1, which represents the rMBL/rMASP2K complexes bound in the presence of Ca2+ ions and incubated with prothrombin and fibrinogen. In the control lanes where rMBL/rMASP2K complexes were incubated in the presence of EDTA, or in the absence of MASP2K or prothrombin (lanes 2, 3 and 4, respectively) no fibrinogen cleavage or cross-linking can be observed. These experiments confirm that the rMBL/rMASP2K can generate functional thrombin, capable of activating factor XIII and fibrinogen, two of the major protein substrates of thrombin. The experiment also confirms that rat MASP2, as wells as human, activates prothrombin.
The specificity of the thrombin activation by MASP2 was examined in 2 ways. Firstly homologues of MASP2 namely C1r and C1s were tested for their capacity to activate prothrombin. Secondly trMASP2 was incubated with other protease proenzymes to see if active proteases were generated. Prothrombin was incubated alone or with activated C1s or a mixture of activated C1r and C1s. Additionally factor Xa was included as a positive control. Prothrombin activation was observed by analyzing cleavage patterns on reducing SDS-PAGE. As can be seen in figure 6.9 C1r and C1s do not cleave prothrombin and the same was found for MASP1 (not shown). This shows that the ability of MASP2 to activate prothrombin is relatively specific. Additional experiments performed by Dr. J. S. Presanis investigated the ability of trMASP2 to activate other plasma protease proenzymes, prekallikrein and plasminogen. The experiments showed that trMASP2 did not significantly cleave prekallikrein during 1 hour or 16 hours incubation (Presanis, 2004). trMASP2 was found to cleave plasminogen to some extent but this did not lead to the formation of the heavy and light chains of plasmin within 16 hours at 37oC, as assessed by       SDS-PAGE analysis and did not generate the active protease (Presanis, 2004). These results confirm that the MASP2-mediated activation of prothrombin is relatively specific.
Since MASP2 circulates in complex with MBL and the ficolins and these have to bind to the surface of targets (e.g. bacteria) before MASP2 becomes activated, it was of interest to see if binding of the rMBL/rMASP2K complexes would result in fibrin deposition on the surface upon which the complex is bound. To investigate this two experiments were designed. In the first shown in figure 6.10A rMBL/rMASP2K complexes were incubated in mannan/fibrinogen-coated microtitre wells and subsequently incubated with prothrombin and 125I-fibrinogen. Following the incubation the amount of 125I-fibrin was quantified by counting the total radioactivity of each of the wells. The column labeled positive is the sample in which rMBL/rMASP2K complexes were bound in the presence of Ca2+ ions and subsequently incubated with 125I-fibrinogen and prothrombin. The remaining two controls are either without rMASP2K or without prothrombin. As can be observed the prothrombin activation by rMASP2K leads to increased 125I-fibrin deposition in the wells showing that fibrin does get deposited on target surfaces. In this type of experiment no 125I-fibrin binding was found if the plate was coated with mannan only (not shown). However if a mixture of mannan and a protein (fibrinogen, β-casein or thiolester-cleaved α2M) was used, 125I-fibrin was bound (not shown). This is consistent with the need for glutamine or lysine side chains on the surface to which factor XIIIa can mediate covalent linkage of the fibrin (Esposito and Caputo, 2005). 
To further investigate if the deposition of fibrin also happens on the surface of pathogens, beads were derivatized with a non-encapsulated S. aureus strain (Wood), previously shown to be capable of binding MBL (Krarup et al., 2005). rMBL/rMASP2K complexes were then bound to these beads, and prothrombin and 125I-fibrinogen was added. After incubation the beads were washed and the associated radioactivity was measured. Column 2 and 5 on figure 6.10B show that only the beads incubated with rMBL/rMASP2K complexes get 125I-fibrin deposited on the surface. In the presence of IAM however, the deposited fibrin could be removed by incubation with urea (column 5, open bar) while this was not possible in the sample without IAM (column 2, open bar). This is because IAM, as mentioned before, is an inhibitor of factor XIIIa, which is responsible for covalent cross-linking of fibrin strands. Therefore the fibrin deposited in the sample with IAM is not covalently cross-linked and gets disrupted upon urea treatment. In the sample without IAM the factor XIIIa does covalently cross-link not only fibrin molecules with other fibrin molecules but it also cross-links fibrin molecules to the surface of the bacterium strengthening the fibrin/bacterium complex. The prolonged incubation time was necessary since the fibrinogen concentration used was approximately 100-fold lower than under physiological conditions to prevent the formation of a solid clot.
The observation that MASP2 activates prothrombin was utilized to develop an assay that relies on the activation of prothrombin to quantify the MASP2 activity. If possible this would be very beneficial since prothrombin is very stable upon storage, which the currently used MASP2 protein substrate C4, is not (Thiel et al., 2002). Another aspect which favors a prothrombin dependent MASP2 assay compared to the C4 deposition assay is that the binding of MBL and the ficolin can be carried out at physiological conditions, since C1s does not activate prothrombin (figure 6.9) and therefore no precautions have to be taken to prevent C1 from binding. Generally in the C4b deposition assay, binding is done in 1 M NaCl, to prevent C1 binding via anti-mannan antibodies and subsequent C1s-mediated deposition of C4b.

To investigate if this was possible the sensitivity and the best method of detecting MASP2 activity were explored using rMBL/rMASP2K complexes. These were bound to mannan-coated wells at different concentrations. Thrombin activity can be measured in two ways either by VPR-AMC turn-over or by the polymerization of fibrin using turbidimetric measurements (Jungi, 1990). Both methods were tested to determine which one gave the highest sensitivity. In figure 6.11 the experiments in which thrombin activity was quantified using the VPR-AMC turn-over (relative fluorescence, open circles) and turbidimetry (% of max turbidity, closed circles) are shown. When the MASP2 activity is measured using turbidimetry the sensitivity is low and only high concentrations of rMBL/rMASP2K complexes could be detected. The lower limit of detection was between 125-250 ng/ml rMBL/rMASP2K complexes and the dynamic range was only 8-fold. Using this method it would be very unlikely that any MASP2 activity would be measurable in serum since the total MASP2 in serum is estimated to be 534 ng/ml on average (Moller-Kristensen et al., 2003a) and the amount bound to MBL is much lower due to the presence of the more abundant ficolins. When compared to a sample polymerized with high quantities of thrombin the absorbance of rMBL/rMASP2K-polymerized fibrin appears not to be as tightly polymerized since the absorbance has reached a plateau at 45% turbidity. This can happen if the polymerization of fibrin is not linear throughout the entire polymerization process. When VPR-AMC turnover was used instead the dynamic range was more than 50-fold and much lower levels of rMBL/rMASP2K complexes (<10 ng/ml) could be detected. Therefore the VPR-AMC turn-over was selected as the method for quantification of the MBL/MASP2 activity.
Since the detection system now had been decided upon, the assay was set up using whole human serum as MBL/MASP2 source instead of rat recombinant proteins. The experiments shown in figures 6.12-6.14 were all performed using a standard serum which was a pool from several individuals. To determine which serum concentration would be the optimal for the assay a 2-fold dilution series of serum was added to mannan-coated wells and the MASP2 activity was quantified using prothrombin and VPR-AMC. The results are shown in figure 6.12. As can be observed only serum diluted 1/2, 1/4 and 1/8 gives an above background signal. Based on this serum diluted 1/2 would give the highest signal but since the assay is to be used to screen serum samples from patients for MASP2 activity a concentration of 1/4  was selected as working dilution to save reagents.
To investigate if the effect on the MBL/MASP2 activity detected is dependent on the buffer compositions of the serum dilution buffer, MBL/MASP complexes were bound to mannan at physiological conditions (140 mM NaCl) and 1 M NaCl and subsequently incubated at physiological conditions with (closed bars) or without (open bars) prothrombin. The results are shown in figure 6.13. The incubation without prothrombin was included since the tripeptide substrate may be sensitive to           non-specific proteolytic degradation by contaminating proteases. No prothrombin would thereby enable me to distinguish the MASP2-mediated signal from the background. As can be observed the binding of the MBL/MASP complexes in the presence of 1 M NaCl increase the background as well as decreasing the MBL/MASP2 activity detected. At 140 mM NaCl the signal to noise ratio is approximately 2:1 but if the MBL/MASP complexes were bound in the presence of EDTA no difference could be observed with or without prothrombin. This shows that Ca2+ ions are necessary for the activation of prothrombin. If no serum was added the only substrate turnover that could be detected was that of prothrombin. This experiment shows that apparently contaminating amidolytic activity is increased at     1 M NaCl.

The previous experiments were all performed with 100 μg/ml prothrombin, but to investigate if increasing the prothrombin concentration would increase the MASP2 dependent signal as well, another experiment was set up and the results are shown in figure 6.14. Wells with mannan-bound MBL/MASP complexes were incubated with 0.4, 0.2, 0.1 and 0 mg/ml prothrombin (closed bars). As controls, wells in which serum had been diluted in EDTA-containing buffer were incubated with identical concentrations of prothrombin (open bars). As can be observed higher concentrations of prothrombin do increase the signal but, since the same trend can be observed whether or not MBL/MASP complexes are bound, this increase appears to be due to prothrombin alone. Therefore the 100 μg/ml prothrombin concentration was maintained. 

Based on these experiments it seems possible to develop a prothrombin dependent MASP2 assay but some more fine tuning is required if it was to be used for multiple samples. Despite this I wanted to put the assay to preliminary use. Serum from MASP2 knock-out mice and wild-type mice was supplied by Professor Wilhelm Schwaeble and was added to mannan-coated wells as well as N-acetyl BSA-coated wells to measure the MASP2 activity associated with MBL and ficolin A (the mouse L-ficolin homologue), respectively. Included as controls were wells incubated with buffer alone. In figure 6.15 is shown the MASP2 activity in the three samples. The closed and the open bars indicate the MBL/MASP2 and the ficolin/MASP2 activity, respectively. When the MASP2 activity of the knock-out and the wild-type serum is compared a striking difference can be observed. Both in the case of MBL and ficolins the wild-type serum has MASP2 activity while the knock-out serum gives a much lower signal. This is consistent with the knock-out mouse having no MASP2 associated with either MBL of ficolin A, since the small signal in the knock-out serum most likely is entirely due to contaminating proteases (figure 6.14). In terms of the assay the results show that the measured thrombin activity is indeed generated by MASP2 and that the assay may be suitable for quantifying ficolin/MASP2 activity as well. The magnitude of the MBL/MASP2 signal in the wild-type mouse compared to that observed using human serum may be mainly due to mice having much higher MBL concentrations than humans 30-40 μg/ml in mice (Liu et al., 2001) compared to less than 5 μg/ml in most humans (Garred et al., 2003). The assay also shows that mouse MASP2, as well as rat and human, activate prothrombin. 

As mentioned in the introduction only one mutation is currently described that affects MASP2 in terms of function (Stengaard-Pedersen et al., 2003). The polymorphism D120G has been shown to prevent C4b deposition as well as MASP2 association with MBL and the ficolins (Sorensen et al., 2005). Since the D120G mutation is quite common and in Caucasians approximately 1 out 1000 people would be homozygous (Stengaard-Pedersen et al., 2003), more than one individual would have been discovered if the case history for all was like the one described in Stengaard-Pedersen et al., (2003). Recently another homozygous individual was discovered but she had not suffered from recurrent infections and had no clinical symptoms (W. Schwaeble, unpublished results). The binding step in the C4 deposition assay used by    Stengaard-Pedersen et al., (2003) requires the presence of 1 M NaCl to prevent C1 binding the mannan surface through anti-mannan antibodies. The role of the aspartate 120 residue is believed to be in the coordination of a Ca2+ ion, which is involved in the association of the MASP2 dimer to MBL and the ficolins. Therefore the D120G mutation may not abolish the association of MASP2 and MBL and the ficolins but only makes it less stable at high ionic strengths. The assay conditions and especially the 1 M NaCl binding step might affect the mutant MASP2 to give a wrong impression of the situation in vivo. Therefore I wanted to assay the MBL/MASP2 activity in the newly discovered homozygous individual, using an MBL binding step at a range of different ionic strengths. This would show if the lack of C4 deposition detected in D120G homozygous serum (Stengaard-Pedersen et al., 2003), was due to the mutation preventing the MASP2 from forming complexes with MBL and the ficolins or if the mutation rather makes the MBL/MASP2 complexes less stable and therefore unable to remain in complex at 1 M NaCl. The prothrombin activation assay was used for these tests. 
The MBL/MASP2 activity was therefore assessed in serum samples from the homozygous and a heterozygous individual (kindly provided by Professor Wilhelm Schwaeble) as well as a standard serum at a range of different ionic strengths. The results are shown in figure 6.16. As can be observed the standard serum displays little change in activity over the range of investigated ionic strengths. The heterozygous serum sample displays the lowest MBL/MASP2 activity at 125 mM NaCl, which gradually increases from 125 mM – 1 M NaCl. This increase may be due to the increased background that is observed at higher ionic strengths (figure 6.13). If on the other hand the ionic strength is decreased further to 62.5 mM NaCl the apparent MASP2 activity is more than doubled. In the case of the homozygous serum a different pattern can be observed. At 1 M and 0.5 M of NaCl less than 20% of max activity could be measured and the activity gradually increases to about 50% at 125 mM NaCl. If the ionic strength is lowered to 62.5 mM NaCl an increase of approximately 2-fold occurs, similar to the heterozygous individual. These results suggests that the D120G mutated MASP2 does form complexes with MBL but these are less stable than the wild-type and that the complexes MBL/MASP2 are completely dissociated at 0.5 M NaCl. Additionally it appears that some dissociation of the MBL/MASP2 complexes also may occur at physiological conditions. 
This experiment suggests that an individual homozygous for D120G in vivo would have functional but probably impaired MASP2 activity. If the serum is assayed with the C4 deposition assay the MBL/MASP2 complexes would be disrupted and no MASP2 activity would be detected (Stengaard-Pedersen et al., 2003). Still this is only based on two observations and to be able to generalize more studies are needed. 

Finally I wanted to use the prothrombin assay to directly compare the estimated MBL/MASP2 activities found by quantifying the MBL/MASP2 activity using the C4 deposition assay as well as the prothrombin assay. To do this I measured the MBL/MASP2 complex activity using the prothrombin assay in eight serum samples from healthy individuals while the laboratory of Professor Jens C. Jensenius  quantified the total MBL and total MASP2 concentrations and the C4 deposition in the same eight samples. The data is shown in table 1. In figure 6.17 I have plotted the MASP2 activity measured by the prothrombin assay as a function of the MBL concentration (panel A), the MASP2 concentration (panel B) and the C4 deposition (panel C). Included as well is the C4 deposition as a function of the MBL concentration (panel D). Linear regression was used to evaluate the correlation between the different parameters. No correlation could be observed between the MASP2 concentration and the MBL/MASP2 activity (B). Between the two MASP2 activity assays (C) a reasonable correlation was observed. The spread of values may be caused by the limited number of samples. When the MBL concentration is correlated to the C4 deposition activity (D) or the prothrombin activation (A) a stronger correlation between the prothrombin assay and the MBL concentration can be observed than between the C4 deposition and the MBL concentration. This indicates that the prothrombin assay may be a more suitable tool for MASP2 activity quantification than the C4 deposition assay but since it is a very limited number of samples more samples have to be analyzed before any conclusions can be made. 
6.4 Discussion
The main focus of this chapter has been the application of the observation that MASP2 is capable of activating prothrombin. As mentioned in chapter 5 little is known about the role of fibrinogen in the human immune defense but in some lower invertebrates like the horseshoe crab T. tridentatus a fibrinogen functional analogue, coagulogen, is regarded as a contributor to host defense. In T. tridentatus the clotting factors are found in hemocyte granules of which the contents are released on detection of LPS or peptidoglycan. The secretion leads, by two pathways, depending on the substance encountered, to the cleavage and activation of the proclotting enzyme generating the clotting enzyme. The clotting enzyme cleaves coagulogen, which afterwards can polymerize forming an insoluble gel aggregating the invading microorganisms (Muta and Iwanaga, 1996).

There are many functional similarities between the horseshoe crab coagulation system and the mammalian since both are regulated by serpin type protease inhibitors, rely on cascade events to mount a powerful response and are mainly activated at the site of tissue damage (Muta and Iwanaga, 1996; Pike et al., 2005). Additionally the proteins involved in the activation of clotting in T. tridentatus such as factor B (the protease which activates the proclotting enzyme if LPS is present), the proclotting enzyme and coagulogen appear to be functional analogues of factor X, prothrombin and fibrinogen, respectively, despite differences on the structural level. What sets the invertebrate and mammalian cascades apart is the knowledge of their roles as immune defense mechanisms. As mentioned above T. tridentatus use clotting to aggregate pathogens as well as maintaining hemostasis. In mammalian systems data has been presented suggesting that fibrinogen or fibrin deposition on microorganisms can decrease their virulence but little research has been done to understand the role of fibrin in the immune system (Flick et al., 2004; Mullarky et al., 2005). In the case of MASP2 mediated clotting there is one major difference compared to the MASP1 mediated clotting and this is the generation of thrombin. With MASP2 we get thrombin generated at the site of invasion if MBL or the ficolins are capable of binding to the surface of the microorganism, and this will lead to activation of the clotting cascade. Compared to MASP1 which probably only activates some thrombin substrates, the MASP2 dependent activation of prothrombin would result in a more powerful response, since all the feed back loops in which thrombin activates factor VIII and factor V (see figure 6.1), that lead to more thrombin generation would also be activated. This would probably enable the coagulation system to complement the complement system in the neutralization of the pathogens (Kay et al., 1974; Masuda and Sugiyama, 2001; Senior et al., 1986; Skogen et al., 1988; Tang and Eaton, 1993).
What we have reported here is an another link between the complement system and the coagulation system. As the results show MASP2 is capable of generating thrombin via prothrombin. This activation is specific, in that MASP2 homologues do not activate prothrombin, and MASP2 does not activate other protease proenzymes. The activation occurs at physiological levels of prothrombin. The thrombin activation potential is quite low (about 4-5% the rate observed with factor Xa) and presumably much lower than would be observed for the prothrombinase complex. Since the prothrombinase complex is mainly generated on phospholipid membranes at the site of tissue damage a rapid and local thrombin generation is required to prevent loss of blood. In the case of MASP2 it will activate prothrombin near any surface where MBL or the ficolins can bind. Such surfaces do not have to be localized in one area but might be transported in the bloodstream round the body. If MASP2 was as efficient as the prothrombinase complex the activation of MASP2 could lead to thrombosis and therefore do more harm than good. Formation of a large clot around the MBL/ficolin-binding particle might well inhibit subsequent clearance by phagocytes as well. Instead MASP2 has a low activation potential but this ensures that only a limited amount of thrombin is generated and due to the surplus of inhibitors especially ATIII and α2M, which are found in plasma it will only be active for a short time. This has two effects: firstly not much fibrin will be generated (probably not enough for forming a solid clot) and secondly thrombin will only remain active close to the site of activation since it most likely will be inhibited before it can diffuse far from the activation site. The limited, localized thrombin activity generated increases the chance of fibrin being deposited on the surface to which MASP2 is bound. This will result in the release of fibrinopeptides A and B (Kay et al., 1974; Richardson et al., 1976; Senior et al., 1986) and the deposition of fibrin that attracts phagocytes and serve as adhesion points for the immune system cells (Tang and Eaton, 1993). 

This activity might be a remnant activity of MASP2 from some ancestral protease. When C1s was tested we saw no ability to activate prothrombin, despite MASP2 and C1s being considered to be of common origin and being close homologues. It has previously been shown that MASP1 has thrombin-like activity, and activates factor XIII and cleaves fibrinogen directly (Hajela et al., 2002). When MBL or ficolins, with associated MASP1, 2 and 3 bind to targets (e.g. bacteria) MASP2 can subsequently activate the complement system through cleavage of C4 and C2. Both MASP1 and MASP2 may contribute to localized fibrinogen activation. The role of MASP3 remains unknown. 

This study as well as the data presented in chapter 5 and the observation that C5a can be generated in the absence of C3 (Huber-Lang et al., 2006) suggest that the coagulation system and the complement system may be interconnected in several ways, reflecting their common origin and that they might be able to supplement each other to some extent in the case of deficiencies. 

The prothrombin assay for MASP2 activity which through the later parts of this chapter was developed has been shown to have some advantages over the more commonly used C4 deposition assay. The most important is that the binding step of MBL can be done at physiological conditions since C1s does not cleave prothrombin as it does C4. Therefore it will not affect the subsequent quantification of the MASP2 activity if C1 is bound to the mannan as well as MBL. Though the assay seems to be promising at its current state there are still many variables that have to be tested before large scale quantification of MBL/MASP2 can be done. The main focus of these is to increase the sensitivity and the dynamic range of the assay, but also to further test its potential for quantifying the ficolin/MASP2 activity. Based on the experiments shown here regarding the MASP2 stability the incubation time should not be increased since the loss of activity is increasing more rapidly after 4 hours than before. Secondly the MBL/MASP2 binding buffer should not be changed either in terms of ionic strength since the measurements should reflect the in vivo situation as much as possible. This leaves the following parameters that might boost the signal if changed. The prothrombin concentration may be decreased whereby the signal to noise ratio may be increased as seen for 100 μg/ml prothrombin compared to 400 μg/ml (figure 6.13). Since MASP2 is more catalytically active at low ionic strengths compared to high (figure 6.5) the ionic strength in the prothrombin activation buffer may be decreased to boost the signal. Lastly the activity of MASP2 might be increased by increasing the pH, since this is true for other serine proteases, which have optimum activity around pH 8.0-8.2 (Presanis et al., 2004; Tsiftsoglou et al., 2005). This would increase both prothrombin activation rate and thrombin turnover of VPR-AMC.
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